The coincidence of an "outbreak" of a plant disease and certain weather conditions undoubtedly was recognized by astute farmers of the past. With the gradual understanding of the nature of disease, how disease spreads in plant populations, and how chemicals could control it, the weather conditions necessary for a disease outbreak were perceived in a different way. Attention gradually shifted from generalizations of weather conditions, such as cloudy, damp, and warm, to specific variables thought to govern disease. Where the relationships have been well defined, weather forecasts frequently have been used to predict disease development so that growers could initiate timely and efficient controls. Mention of a trademark o r proprietary product does not const~tute aguarantee o r warranty of the product by the U.S. Department of Agriculture and does not ~m p l y its approval t o the exclus~on of other products that may also be suitable. This paper presents an application of a new forecasting technique, called Model Output Enhancement (MOE), to mesoscale disease prediction. We report on the feasibility of using mesoscale weather forecasts to derive disease forecasts 24 hours into the future for areas as small as 1-km2 (1-km resolution). We chose potato late blight, caused by Phytophthora infestans (Mont.) de Bary, to illustrate how the MOE technique could be applied to generate a mesoscale disease forecast. This disease is particularly responsive to weather, and its epidemiology has been studied extensively.
Mesoscale Forecasts
Mesoscale forecasts are weather predictions made for areas having a spatial resolution between the synoptic scale (popularly known as the weathermap scale) and the microscale. Depending on which international or national definition is used, the mesoscale could range from hundreds of square meters on its lower end to a few thousand square kilometers at its upper limit. On a time scale, the mesoscale could range from several minutes to a few days. Mesoscale weather systems are probably the least understood of the predictable meteorological phenomena. They cannot be adequately resolved by current synoptic scale monitoring networks and they are too large to be investigated properly using microscale data. Seem and Russo (1 1) graphically depicted this time and space disparity between weather data networks used to define weather systems and some disease forecasting methods in their scale presentation of past, present, and future weather states.
Meteorologists commonly use the term "numerical" in front of "models" or "forecasts" to indicate they are based on a set of mathematical equations that describe atmospheric motions. Because the solutions to these equations require numerous computations, large computers have been used to run the models and generate forecasts. Since the inception of numerical weather prediction over three decades ago, operational models have steadily improved in spatial and temporal resolution, in forecast accuracy, and in the number of weather variables generated in forecasts.
In 1985, the U.S. National Meteorological Center's (NMC) Nested Grid Model (NGM) replaced the LimitedArea Fine Mesh (LFM) model for hemispheric, continental, and subcontinental numerical synoptic forecasts. The NGM produces horizontal spatial resolutions as small as 91.5 km, compared with a previous limit of 190.5 km. It also has greatly increased the vertical resolution. The NGM, like the LFM, provides gridded analyses and predictions of standard weather variables and indices up to 48 hours in the future at 6-hour intervals for various pressure levels. As with all previous operational models, NGM numerical output is interpretable at the synoptic scale.
There is currently a strong research effort to provide numerical simulations and forecasts at a subsynoptic resolution. This effort has been directed at both mesoscale phenomena and the interac-
